Introduction
The financial crisis that started in 2007 spread interest on the correct pricing of credit derivatives, like CDOs, as valuation of these derivatives became even more important within the last years.
The value of some CDO-tranche is the expected value of a function of the time of default of the underlying assets and therefore is affected by the correlation of the underlying assets (Brasch, 2004) . It is common knowledge in the financial literature that defaults are correlated (Das et al., 2002) , but most practitioners still use the Gaussian copula approach introduced by Li (2000) for pricing CDO tranches even though the weaknesses of this approach are obvious (van der Voort, 2007) . Due to the fact that this approach lacks of tail dependence (eg, Kole et al., 2007) , the reproducing of the observed correlation skew of the market spreads and especially the correct pricing of senior tranches is hardly possible. Andersen and Sidenius (2005) therefore extend the Gaussian copula approach by introducing the Random-Factor-Loading-Model with two correlation regimes (RFL(2)) accounting for the stylized fact that default correlations are higher in bear than in bull markets. This paper adds even more flexibility extending the basic RFL(2)-model to three correlation regimes (RFL(3)). We use a factor approach, introduced by Merton (1974) , where default occurs if the firm's value of assets falls below a certain threshold. The reader is assumed to have some background in financial derivatives and so we omit background information on CDOs. For a short review we suggest section 2 of Glasserman and Suchintabandid (2007) .
The paper is organized as follows. Section 2 introduces the general framework.
An analytical expression of the RFL(3)-model is given in section 3. The model is calibrated to daily market spreads of the iTraxx 5yr observed during calm periods and in times of financial distress in section 4. Section 5 concludes and makes suggestions for future research. 
Theoretical Background
We follow the general framework of Andersen and Sidenius (2005) . A portfolio with I debitors, assuming all idiosyncratic default probabilities p i (t) at time t are known, exhibits a loss for the time interval [0, T ] of For the determination of the individual default probabilities, it is assumed that the random variable τ is distributed exponentially with constant intensity parameter λ. The time of default can be interpreted as the first jump of a poisson process.
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The default intensity λ is approximated by λ = SP 1−R , with SP the CDS credit spread and R the recovery rate (Li et al., 2006) .
The default-leg describes the expected payments of the protection purchaser and the premium-leg describes the expected payments of the protection seller.
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The spread of the CDO has to be chosen in such way that the present values of both legs are equal. For simplicity reasons it is assumed that the defaults occur only at the observation points j = 1, ..., J, that is for a synthetic CDO written on iTraxx 5yr every three months. For further insights regarding the default timing see Finger (2005) . The cumulative, percental loss of the tranche
. L * t represents the cumulative, percental loss of the portfolio and Δ j describes the length of the period and D(t j ) the discount factor for the period [0; t j ], so that the tranche spread is given by
The numerator describes the payments of the default-leg and the denominator the 'credit basis point value', the change in value resulting from a change in the spread of one base point. Using the representation 2.4, the following relationship holds
Because a tranche can be interpreted as an option on the portfolio losses, the expected loss, greater than A, can be described by a call-option with strike price A (Martin et al., 2006) :
The Random Factor Loading Model with
Three Regimes
The general Random-Factor-Loading-Model is described by the random variables X 1 , ..., X I and l and the following relationship assuming dimension one for Z and homogeneity for all debitors
X i has an expected value of 0 and a variance of 1 by choosing
istic function of the systematic factor Z.
Even though for the special case of a standard normal distributed factor Z and idiosyncratic factor ε i , X i is not standard normally distributed anymore, because the function a(Z) is not constant.
Assuming a standard normal distribution, with φ(x) the pdf and Φ(x) the cdf, for the systematic factor Z with thresholds θ i ∈ R, let
Depending on the realization of the systematic factor one of the three correlation regimes is switched on. To give an economic interpretation of the described parametrization it is possible to describe three different states of the economy, each state associated with a different correlation.
For the empirical verification the determination of m, ν and the unconditioned 7 default probabilities are needed. The derivation is described briefly in the following with η some indicator function and in-depth in appendix (A.1).
Because the idiosyncratic default probabilities can be derived using the spread of the CDS, the following relationship of c(t) and the unconditioned default probabilities hold with Φ 2 (.) describing the cdf of the bivariate standardized normal distribution.
If m, ν and c(t) are known, assuming I → ∞, the unconditioned loss distribu-
This loss function can be used to derive the expected loss of the tranches. Note that a total loss of an equity tranche with detachment point A occurs, if 
Substituting y = −Φ −1 (x), so that dx = −φ(y) and Υ := −Φ −1 (A), the following relationship, which is derived in detail in appendix (A.1), is characterized.
Using this analytical expression the expected tranche losses can be derived and used to determine the present values of the default-and premium-leg. Knowing these values, the model spreads can be calculated, which will be done in the next section.
Empirical verification
The main focus of this section is to check whether the RFL(3)-model is capable of producing the observed correlation skew in the market spreads and if this is done in such a way that one can assume that the third correlation regime has advantages over the parsimonious parametrization of the RFL(2)-model.
We assume a flat yield curve from now on. Following Andersen and Sidenius (2005) a portfolio of 125 underlying assets, as the iTraxx 5yr, is a sufficiently big enough portfolio to apply the large portfolio limits of the last section.
We assume a recovery rate of R = 40% because Altman and Kishore (1996) empirically investigated that the mean of the recovery rate lies around 40%. Given the parametrization for the 06/20/2007, the α-regime can be inter- preted as a 'disaster state' with high correlations of default. The probability of this state is Φ(−3.0712) = 0.107%. The correlation of the α-regime is roughly the same for both points in time. But the probability of obtaining this state at times of financial distress is about eight times higher (Φ(−2.4192) = 0.78%).
As you can see in figure 1 , the RFL(3)-model almost fits perfectly the observed skew of the base correlations for the time of financial distress, but the RFL(2)-model fit is just slightly worse. Fitting the base correlation skew perfectly for the calm period, the third correlation regime is an unambiguous improvement.
Because the purpose of figure 1 was to show that both RFL-models can reproduce the basecorrelation skew with a better fit for the RFL(3)-model , table 3 and 4 summarize the deviations of the estimated model spreads to the market spreads for a more detailed view of the improvement due to the higher show that the RFL(3)-model is a real improvement compared to the RFL(2)-model, we will calibrate the named models to the tranches of two days for a total of ten tranches to circumvent the described problem.
Looking at the percentage deviations from the market spreads in table 5, we find out that the fit for the first three tranches is much better within the Summing up the gains of introducing a third correlation regime are obvious.
For trying to reproduce both the market spreads for one day and for several days, the gains of introducing a third correlation regime are worth its price for the additional parameters. Within this paper we introduced such an extension.
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A reasonable supplementation to the model described above would be to relaxe the assumption of constant recovery rates. Hamilton and Carty (1999) show that recovery rates in times of financial distress are much smaller than during 
A Appendix
A.1 Derivation of the large portfolio limit of the
RFL(3)-model
The following relationship of m and ν results in the RFL(3)-model with θ 2 θ 1
and
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The unconditional probability of default is described as follows
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Using the parameters from above one can derive the unconditional loss distri-
Using 2.6 one can prove 3.10. It is necessary that 
